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Abstract

With the rapid development of means of transport today in big cities in Vietnam and developing countries
around the world,, traditional urban traffic light control systems cannot allocate traffic light cycle times at
intersections optimally, causing traffic congestion to become increasingly serious. With the support of
Netlogo software, on the basis of multi-agent modeling, we have built an optimal simulation model of light
cycle time for the problem of balancing actual traffic volume and cycle time lights at traffic intersections.
We use the optimal light cycle length algorithm to calculate the traffic light cycle time within the most
suitable range. The traffic flow at the intersection is set manually, thereby analyzing the effectiveness of
the traffic light cycle time with the traffic flow. A loop to vary the traffic light cycle time within a reasonable
computational range was applied. The final result is that, through the simulation model, traffic light cycle
times can be optimally and flexibly adjusted to different traffic flows.
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Tém tit

Véi sy phat trién nhanh chong cia cac phuong tién giao thong hién nay tai cac thanh pho 16n ¢ Viét Nam
va cac nudc dang phat trién trén thé gioi, hé thong diéu khién dén giao thong do thi truyén thong khong thé
phan b thoi gian chu ky dén giao thong tai cac nit giao mot cach t6i wu, khién tinh trang tac nghén giao
thong ngay cang nghiém trong. Véi sy hd trg cta phan mém Netlogo, trén co sé md hinh hoa da tac tir,
chung t6i da xay dung dugc mo hinh mé phong t6i rru thoi gian chu ky dén cho bai todn can bang giira luu
luong giao thong thuc té va thoi gian chu ky dén tai cac nut giao théng. Chung t6i str dung thuat toan do
dai chu ky dén toi wu dé tinh toan thoi gian chu ky dén giao thong trong pham vi phu hop nhét. Luu lu’ong
giao thong tai niit giao duoc thiét lap thu cong, qua do phan tich hiéu qua cua thoi gian chu ky dén giao
thong voi luu lugng giao thong. Mot vong lap dé thay doi thoi gian chu ky dén giao théng trong pham vi
tinh toan hop ly da duoc ap dung. Ket qua cudi cung 1a thong qua mo6 hinh m6 phoéng, thoi gian chu ky den
giao thong c6 thé dugc diéu chinh t6i wru va linh hoat theo cac ludng giao thong khac nhau.

Tir khoa: Pén giao thong, hé théng da tic nhan, Netlogo, tdi wu hoa hé thong diéu khién.

1. Introduction

Intelligent transportation has emerged as a hallmark of the contemporary urbanization
process. The rising quantity of vehicles significantly contributes to the escalating urban
traffic congestion in Vietnam and other developing nations, diminishing travel efficiency
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and prompting the development of smart transportation solutions. Urban road traffic
congestion is attributable to various factors, including the proliferation of automobiles,
inadequate urban road infrastructure, and inflexible traffic signal timing at intersections
(Zou et al., 2019). These issues have significantly impacted individuals' everyday
commutes and urban development. Urban transportation congestion has emerged as a
critical issue that cities must rapidly address. Urban traffic light control is an effective
strategy to alter urban road traffic conditions, enhance vehicle operational efficiency, and
decrease traffic light wait times. The existing urban traffic system is marked by
complexity and irrationality, leading to numerous emergency situations, which
complicates the development of an effective and rational simulation model (Liu &
Rastgoftar, 2022; Uppaluru et al., 2022). In the developing nations, fixed traffic light
timing is a significant barrier to the implementation of intelligent urban transportation,
negatively impacting people's lives and placing additional strain on urban roads.

Traffic researchers both domestically and internationally have suggested numerous
solutions for conventional and intelligent traffic light management. Scholar Xu Cheng
proposed a solution to segment the day into multiple time intervals, reflecting the
substantial variations in traffic volume throughout the day, and to apply distinct
regulations for each interval (Xu, 2020). This research method has numerous limitations
and is applicable only to specific scenarios, such as when the traffic volume at an
intersection remains constant, which is evidently unsuitable for the variability of urban
road traffic. A state of paralysis will ensue, resulting in traffic congestion or direct
collisions. Conventional solutions fail to fully utilize the flexibility and efficiency of
traffic signals.

In 2010, Thong conducted a study on the dynamic control method for traffic lights,
utilizing the theory of hedge algebra. This solution uses a dynamic programming method
and integrates algorithms into the calculation of traffic light cycle time, increasing
efficiency compared to fixed light cycles and making the traffic light control system more
flexible and versatile (Thong, 2010). Pham Duy Duong and his colleagues have studied
and proposed an intelligent control solution for traffic lights systems using PLC S7-1200.
This study employs the PLC S7-11200 controller, along with an algorithm for cycle and
signal phasing optimization, in Matlab to construct the control interface and successfully
test four traffic light models (Pham et al., 2017). On the basis of a fuzzy inference
algorithm, Li Hong proposed an intelligent traffic light system (Li, 2013). Using the
concept of dynamic programming, he separated all of the city's roads into numerous sub-
roads, connected them with nearby roads, and finished the traffic light planning for the
entire city by connecting the sub-roads with a coordinated control system. In 2015, Cao
Nguyen Khoa Nam and colleagues studied applying wireless sensor network to control
and supervise traffic light node controllers (Cao et al., 2016). Kartikasari et al. studied
traffic light control optimization using Sugeno fuzzy logic method, the study calculated
the optimal traffic light duration by applying fuzzy logic at intersections, by inputting the
density of each lane in the intersection (Kartikasari et al., 2020). In 2018, Deng et al.
proposed an intelligent traffic light system utilizing fuzzy inference rules, which
compares the disparity between the number of vehicles awaiting the red light phase and
those waiting during the green light phase across various road segments as input variables
to optimize green light durations (Deng & He, 2018). The duration of the green light
serves as an output to deduce the green light duration for each lane. In 2020, Yao and



colleagues introduced a machine learning approach to oversee and regulate the traffic
light system functioning within an iterative framework (Yao & Song, 2020). Each day is
segmented into various time periods based on distinct traffic flows, and the traffic volume
for each period is subsequently recorded. Utilize iterative learning control to determine
the optimal traffic signal duration for the present roadway segment.

Simulation methods are extensively utilized in the analysis and optimization of traffic
light control systems. In which, the simple and intelligent Netlogo simulation platform
serves as a powerful tool for simulating and optimizing traffic control system problems.
From a simulation standpoint, modeling and simulating intricate urban routes is an
excellent method for optimizing time and traffic flow rate. Agents are represented as
vehicles engaged in traffic, with urban roads and vehicle operating conditions simulated
using Netlogo's simulation platform. Each agent is given intelligent characteristics that
are comparable to those of traffic participants, and they will function in a virtual setting,
producing appropriate and useful data for study and examination.

While developed countries have developed and implemented numerous intelligent
traffic light control systems that aid in reducing traffic congestion, some of these systems
have relatively complex and expensive algorithms for controlling traffic light timing.
With the current difficult technical and economic conditions in Vietnam, the application
and implementation will still take a long time.

This paper proposes a simple traffic light control system that manually sets the number
of vehicles on the simulation platform, changes the traffic light on time in real time based
on the level of road traffic congestion, and selects the best solution after repeated testing.

2. Research methods

The paper sets the vehicle properties in the Netlogo simulation software and sets the
number of different vehicles, and then calculates the traffic light time within a reasonable
range through the optimal cycle length formula. We choose to use Netlogo simulation
platform to simulate various emergency situations when vehicles pass through the
intersection, and record the data in time, and by continuously comparing and processing
the data, minimize the average waiting time of vehicles. Because in practice, most urban
traffic is simple basic intersections, so this paper chose the simplest intersection to
simulate in order to bring clarity and accuracy to the model.

3. Simulation model of intelligent traffic light control system using Netlogo

This paper uses the Netlogo simulation platform to model intersections and vehicular
operations on urban roads, analyze the average waiting time of vehicles in various
environments, and optimize traffic light timing to minimize average waiting durations.
The Iterative Learning Control method is utilized to address issues such as prolonged
waiting times on conventional traffic routes, ensuring that vehicles experience
unobstructed flow and operate efficiently.

3.1 Algorithm for establishing the optimal length of lamp cycles

The formula for determining the optimal length of the light cycle is as follows:
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Where: Co is the light cycle length, L is the lost time, 1 is the wasted time during the
start-up process, A is the yellow light time, I is the time interval, i is the number of phases
and Y is the traffic flow rate, and Y is calculated by formula (2). Yi represents the critical
flow rate of phase i, qi represents the traffic flow of phase i and Si is the critical saturation
flow of phase i.
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The duration of the traffic light cycle must be maintained within a reasonable range
(Zhang & Dong, 2011). A reduced light cycle time substantially enhances traffic capacity
and alleviates traffic congestion. When the light cycle surpasses 150 seconds, traffic
capacity cannot be significantly enhanced, and delay time will increase. The light cycle
duration should not be excessively brief. A brief cycle may impede the safe passage of
pedestrians and vehicles through the intersection, potentially leading to traffic accidents.
Consequently, the parameters of the light cycle must be distinctly delineated. The typical

duration of the light cycle ranges from 45 to 150.

3.2 Building an intelligent traffic light control model using Netlogo

The intelligent traffic light control system model built on the Netlogo platform is
divided into three steps: the agent definition phase, the agent rules simulation stept, and
finally the verification and calibration stept. The diagram for building an intelligent traffic
light control model on the NetLogo is shown in Figure 1

Step 1 Step 2 Step 3
AGENT DEFINITION RULES MODELING RUN THE MODEL
- Types - Behavior - Verification
- Agent properties - Interaction - Calibration

Figure 1. The diagram building a traffic light control model on the NetLogo

In the agent definition step, based on the behavioral and functional characteristics of
the entities in the traffic light control model, the turtle agent is specifically modeled into
two types: vehicles and traffic lights. The simulated patch is an urban road. The vehicle
agent determines its position by interacting with the urban road to determine its driving
state, such as whether it can turn or not. The interactions between agents are divided into
two types: one is the interaction between vehicles, and the other is the interaction between
vehicles and traffic lights.

In the rules modeling step, we model the behavior and interactions of agents based on
rules. The interaction between vehicles causes them to adjust their speed. If the vehicle
behind is faster than the one in front, it will decide whether to pass. If not, it will
automatically reduce its speed. When the vehicle in front reaches zero speed and the



vehicle behind is in a waiting state, the vehicle's current speed also decreases to zero.
Vehicles and traffic lights interact with each other When the vehicle passes through an
intersection, the traffic light will make a reasonable judgment. When the light is red, the
speed is set to 0, and when the light is green, the vehicle can pass that section of the road.
Using Netlogo language to encode the correlations between the components in the model,
the traffic light cycle time is obtained by applying the optimal cycle length formula (1) to
further achieve a reasonable traffic light cycle time range at the intersection in the actual
situation. Traffic intersection simulation model is shown in Figure 1:

Figure 1. Traffic intersection simulation model

Control buttons, intersection displays, and graphs make up the model interface. You
can adjust the number of cars appearing in the interface by using the "number of cars"
feature. Additionally, you can use the "current-auto" feature to automatically adjust the
traffic light changes at the current intersection. The "ticks per cycle" slider adjusts the
dynamic change cycle of the traffic lights. The vehicle's max-speed limit is 1.0. This is
because the vehicle must look ahead at the speed limit to determine if there is a car ahead;
if not, it speeds up, and if there is, it slows down. The Change light button controls the
traffic light change at the intersection at any time, which is often used when traffic jams
occur. The Setup button resets all variables. The Go button starts the model run.

In the verification and calibration stept are performed simultaneously to confirm the
validity and accuracy of the model behaviors. Model analysis shows that when there are
few vehicles passing through the intersection and no traffic lights to block the waiting
vehicles, the average waiting time and average speed of the vehicles are significantly
lower than when there are traffic lights. For example, if there is only one vehicle and no
traffic lights, driving is convenient; with traffic lights, you have to wait. However, as the
number of cars increases, the benefits of having traffic lights become more and more
obvious. Traffic lights help maintain order on the road. Therefore, a fixed traffic light
cycle will lead to less waiting time wasted for vehicles. Smart traffic lights can effectively
avoid this problem.



4. Results

To evaluate the benefits of intelligent traffic light control, this paper uses the Netlogo
platform to simulate the state of vehicles passing through the intersection, record the
generated data, and compare the generated data in the model with each other. We obtain
data in two scenarios.

Scenario 1 uses a traffic light control system with fixed light times. Analysis and
evaluation with different traffic volumes. In the case of a low and high number of
vehicles, Figures 2 and 3 respectively describe the vehicles waiting at traffic lights at
intersections, the average speed, and the average waiting time.
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Figure 2. Scenario that there are not many cars at the intersection.

Graph (c) of Figures 2 and 3 reveals a significant change in the average waiting time of
vehicles passing through the intersection when the traffic light time remains unchanged;
an increase in the number of vehicles also results in a longer average waiting time.
Therefore, when there are more vehicles in circulation, it is necessary to change the
operating time of traffic lights to reduce the average waiting time of vehicles.
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Figure 3. Scenario with a large number of vehicles at intersection

Scenario 2 used an intelligent traffic light control system. Figure 4 illustrates a scenario
where numerous vehicles are equipped with smart traffic lights.
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Figure 4. Scenario of using smart traffic lights with a large number of vehicles at
intersection

In figure 4, we use the method of changing the smart traffic light cycle time. We can
see from the graph (a), (b), (c) of figures 3 and 4 that the implementation of the smart
traffic light cycle significantly reduces the average waiting time, particularly in situations
where many vehicles are passing through the intersection. The average speed of the
vehicle and the number of vehicles stopping at the intersection in both scenarios were
basically maintained at a stable level.

5. Conclusions

This paper uses the Netlogo platform to simulate the most common intersections on
urban roads, uses the optimal cycle length formula to find the most suitable traffic light
cycle time within a reasonable range, applies it to different situations, uses data
comparison, and finally finds the reasonable traffic light cycle time in different situations,
which greatly reduces the average waiting time of vehicles passing through the
intersection. Compared with the fixed traffic light time on daily roads, this research has
brought convenience to people's daily lives. However, the scope of application of this
paper has certain limitations, which are primarily reflected in two aspects: (1) This paper
solely focuses on simple intersections, neglecting complex intersections and left-turn
traffic lights. Therefore, future research models should take this into account and optimize
it. (2) This model can only be effective at individual intersections, without connections
between neighboring intersections and between intersections and connecting routes.
Therefore, in the upcoming work, we will further enhance the model's application by
coordinating traffic light control between neighboring intersections, as well as between
the traffic light control system and connecting routes, using traffic data from those
connecting routes.
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